To investigate whether intima-media thickness (IMT) of the common carotid artery (CCA), an early marker of asymptomatic atherosclerosis, is signi®cantly and independently associated with plasma concentrations of leptin, an adipose tissue hormone that has recently been proposed as a cardiovascular risk factor in obese patients. DESIGN: Cross-sectional sample of normal-weight and obese men and women. SUBJECTS: One-hundred and twenty healthy subjects (52 men and 68 women), aged 18 ± 45 y and with a wide range of BMI, were recruited for the study. MEASUREMENTS: Fasting plasma leptin concentrations and the IMT of the CCA were measured in all subjects. Leptin concentrations were measured by radioimmunoassay and the IMT of the CCA was quanti®ed by high resolution B-mode ultrasound imaging. Central fat (measured by waist circumference), smoking habits, blood pressure, insulin sensitivity (measured by the insulin tolerance test), and fasting plasma glucose, insulin and lipid pattern (cholesterol, HDL-cholesterol, triglycerides, LDL-cholesterol) were also measured. RESULTS: IMT of the CCA was positively correlated with log leptin concentrations (P`0.005 in men and P`0.001 in women), body mass index (P`0.001 in men and women), waist circumference (P`0.001 in men and women), age (P`0.001 in men and P`0.05 in women), and negatively associated with insulin sensitivity in both sexes (P`0.05). IMT was also directly correlated with cholesterol (P`0.05), LDL-cholesterol (P`0.01) and systolic blood pressure in men (P`0.05), and with diastolic blood pressure levels in women (P`0.05). When a multiple linear regression model was used without body mass index (BMI), the correlation between leptin and IMT was maintained in both men (P`0.01) and women (P`0.005), independent of age, insulin sensitivity, smoking habits, systolic blood pressure, fasting glucose, triglycerides, cholesterol, LDL-cholesterol and HDL-cholesterol. By contrast, BMI-adjusted leptin concentrations were not signi®cantly associated with IMT (Pc (partial correlation): 0.41 in men and 0.15 in women). Moreover, when BMI was entered into a multiple linear regression model without leptin, the correlation between BMI and IMT was maintained in both men (P`0.005) and women (P`0.01), independent of the same parameters. CONCLUSION: Plasma leptin concentrations are independently associated with the IMT of the CCA, suggesting that the increase of adipose tissue mass (or leptin per se) may have an unfavourable in¯uence on the development of atherosclerosis. However, the association between IMT and leptin seems to be dependent andaor confounded by the relationship between IMT and obesity.
Introduction
The thickening of the intima and tunica media is now considered a marker of initial asymptomatic atherosclerosis and precedes the development of plaque and stenosis in the arterial wall.
1,2
Thanks to both cross-sectional and prospective studies performed by high-resolution B-mode ultrasound imaging, the increase of intima-media thickness (IMT) in the extracranial carotid arteries has been shown to be associated with a higher prevalence of symptomatic and asymptomatic coronary heart disease, 3, 4 thus suggesting that the thickening of the intima-media complex of the common carotid artery (CCA) may well be a surrogate marker of coronary atherosclerosis.
Several studies have documented that the IMT of the CCA increases progressively with age, and that it is associated with a number of cardiovascular risk factors such as smoking, intra-abdominal fat accumulation, visceral obesity, insulin resistance, diabetes, hypertension, hypercholesterolemia, and low levels of HDL-cholesterol. 5 ± 15 Leptin, a 167-amino acid protein encoded by the ob gene, 16 is expressed almost exclusively in adipose tissue, 17 and its plasma concentrations are strongly related to body fat mass in lean and obese subjects. 18, 19 Therefore, even though leptin synthesis has also been demonstrated in placenta 20 and in the stomach, 21 plasma leptin is considered a good biological marker of body fat accumulation.
Hyperleptinemia has been recently suggested to be a component of a metabolic syndrome of cardiovascular risk, 22 thus suggesting that high leptin concentrations may well be a cardiovascular risk factor in obese patients independently of the effect of body fatness per se. To the best of our knowledge, the existence of a possible relationship between leptin concentrations and the thickness of the arterial wall is yet to be demonstrated.
This study investigated the relationship between plasma leptin concentration and IMT of CCA in a population of 120 subjects (52 men and 68 women), aged 18 ± 45 y, including normal-weight and obese subjects. With a view to improving the de®nition of the possible independent relationship between leptin and IMT, other variables well known to in¯uence the IMT of CCA were evaluated. Therefore, body fat distribution, smoking habits, blood pressure, insulin sensitivity, and fasting plasma glucose, insulin and lipid pattern (cholesterol, HDL-cholesterol, triglycerides and LDL-cholesterol) were also measured. 2 ) women (n 68), were included in the study. Overweight and obese patients were recruited consecutively at the Outpatient Clinic for the Study of Obesity, Department of Emergency and Transplant, Section of Internal Medicine, Endocrinology and Metabolic Diseases, University of Bari, School of Medicine. Normal-weight subjects were represented by healthy volunteers, recruited consecutively among physicians and medical students. Participants were aged between 18 and 45 y, and all gave their written informed consent to be included in the study. The institutional committee approved the protocol of the study, which was performed according to the Helsinki Declaration.
Patients and methods

Subjects
To avoid the confounding effect of well-known cardiovascular risk factors on the thickness of the arterial wall, patients affected by diabetes mellitus, stable hypertension and familial hyperlipidemia were excluded from the study. Moreover, none of the subjects had a positive clinical history of stroke, transient ischaemic attack, angina pectoris, myocardial infarction, claudicatio intermittens, congenital heart disease or ECG abnormalities. Five of the obese subjects (three women and two men) showed an impaired glucose tolerance (IGT) after the OGTT, in accordance with the Report of the Expert Committee on the Diagnosis and Classi®cation of Diabetes Mellitus. 23 Women were all spontaneously menstrually active (9 ± 13 menses per year). Biochemical markers of thyroid, liver and kidney function were within normal range in all subjects, and none of individuals were receiving any kind of drug when they entered into the study. During the testing period, all subjects were asked to keep their normal mixed diet and not to perform any sporting activity. Since none of the subjects had ceased smoking for more than 6 months, individuals were classi®ed as those who had never smoked and current smokers. The duration of smoking in years and the mean daily number of cigarettes was used to calculate the`pack-years', a parameter that was used to quantify the effect of smoking on the IMT.
Physical and anthropometric parameters
Central fat accumulation was evaluated by the waist circumference, which was measured as the minimum measurement between the xyphoid process and the umbilicus. Blood pressure was recorded on at least three different occasions, using a mercury manometer with an appropriate cuff size.
Hormone and metabolic parameters
Blood for hormonal and metabolic determinations was drawn between 8 and 9 am after overnight fasting; in particular, blood samples were taken on days 5 ± 7 of the menstrual cycle in women. The oral glucose tolerance test was performed by collecting venous blood samples during fasting and every 30 min following oral load with 75 g glucose for 2 h. In vivo insulin action was estimated by the insulin tolerance test (ITT), which was performed as previously described. 9, 19 Brie¯y, ITT consisted of a bolus of i.v. injection of regular insulin (0.1 Uakg body weight). The rate constant for plasma glucose disappearance (K ITT ) during the 3 ± 15 min period following the insulin injection was taken as a measure of insulin action, and it was calculated from the formula 0.693at 1a2 .
Plasma leptin was measured by a speci®c radioimmunoassay which has been previously described in detail. 19 Sensitivity was 0.03 ngal and the intra-and interassay coef®cients of variation were 0.8% and 8.5%, respectively.
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Plasma concentrations of insulin were measured by radioimmunoassay, using a commercially available kit (Behrig, Scoppitto, Italy). Blood glucose was determined by the glucose-oxidase method (Sclavo, Siena, Italy). Total cholesterol, HDL-cholesterol and triglycerides were measured using enzymatic assays (Boehringer Mannheim, GMbH Diagnostica Mannheim, Germany). Cholesterol content in low-density lipoprotein cholesterol was calculated by the Freidewald equation (LDL-cholesterol total cholesterol 7 (HDLcholesterol 1a5 triglycerides)). Both intra-assay and the inter-assay Cvs were less than 7.5% in all of the above methods.
Ultrasound measurement of the common carotid artery IMT of the CCA was measured as previously described. 8, 9 Statistics Statistical analysis was performed using the STATISTICA 1 6.0 for Windows, StatSoft Inc. (1995) software (Tulsa, OK, USA). Results are presented as mean, median, standard deviation and range for all parameters. The K-S test and the Lilliefors test for normality were performed to check whether the extreme range of BMI of the whole population, including both obese and normal-weight subjects, could be a sign of a bimodal distribution; since both the tests were not signi®cant (P b 0.2), it is possible to argue that these two different populations could be tested together. Pearson's correlation coef®cients were used to quantify the univariate associations among variables, and a multiple regression analysis was carried out to test the joint effect of different variables on IMT; a logarithmic transformation (log 10 ) of the values was performed for not normally distributed variables (insulin and triglycerides) in these statistical analyses. Since both leptin concentrations and the percentage of body fat are higher in women than in men, 19 and visceral fat accumulation is higher in men than in women, 24 the relationship between intima-media thickness of the CCA and leptin, BMI, waist circumference, and all the other investigated variables were examined separately in men and women.
Results
Anthropometric and biochemical data of men and women are summarised in Table 1.  Table 2 shows the correlation coef®cients between IMT and all other variables. IMT was positively correlated with leptin, age, BMI and waist circumference, and negatively associated with insulin sensitivity (expressed as K ITT ) in both sexes. It was also directly correlated with cholesterol, LDL-cholesterol and SBP in men, and with DBP levels in women. Table 3 shows the correlation coef®cients between leptin concentrations and all other variables. Leptin was positively correlated with IMT, BMI, waist circumference, fasting insulin, glucose and triglycerides, and diastolic blood pressure, and negatively associated with insulin sensitivity and HDLcholesterol in both sexes. Leptin concentrations were also directly correlated with systolic blood pressure in men and with LDL-cholesterol in women.
The leptin correlation with IMT was con®rmed by multivariate analysis in both men (regression summary Ð adjusted r 2 , 0.35, F, 4.92, P`0.00036) and women (regression summary Ð adjusted r 2 , 0.22, F, 3.79, P 0.0018; Table 4 ). In addition, IMT maintained an independent association with age only in men. In order to avoid multicolinearity, BMI was not entered in the latter regression models. Similarly, we included total cholesterol without LDL cholesterol, and K ITT without fasting blood glucose and insulin in each statistical IMT-CCA intima-media thickness of common carotid artery; SBP systolic blood pressure levels; DBP diastolic blood pressure levels; K ITT rate constant for plasma glucose disappearance.
Leptin and arterial intima-media thickness M Ciccone et al IMT-CCA intima-media thickness of common carotid artery; SBP systolic blood pressure levels; DBP diastolic blood pressure levels; K ITT rate constant for plasma glucose disappearance; FBG fasting blood glucose; CHOL total cholesterol; TGL triglyceride. IMT-CCA intima-media thickness of common carotid artery; SBP systolic blood pressure levels; K ITT rate constant for plasma glucose disappearance; CHOL total cholesterol; TGL triglyceride.
Leptin and arterial intima-media thickness M Ciccone et al model, in order to avoid the same risk. Results did not change whether LDL cholesterol was included without total cholesterol or whether fasting blood glucose and insulin without K ITT was included in each statistical model (data not shown). Similarly, when BMI was entered in the regression model after excluding leptin, it maintained a positive correlation with IMT-CCA in both men (P`0.005) (regression summary Ð adjusted r 2 , 0.37, F, 5.22, P`0.00022) and women (P`0.01), (regression summary Ð adjusted r 2 , 0.20, F, 3.39, P`0.004). As for leptin, IMT maintained an independent association with age only in men.
Additive multivariate analyses were performed including all subjects (men women) and introducing gender as a dummy variable. Leptin or BMI were alternatively introduced into the regression model. When leptin was entered in the statistical model (regression summary Ð adjusted r 2 , 0.29, F, 6.97, P`0.00001), IMT-CCA did maintain a signi®-cant correlation with leptin, gender, and age (Table 5) ; otherwise, when BMI was entered in the statistical model (regression summary Ð adjusted r 2 , 0.28, F, 6.93, P`0.0001), IMT-CCA did maintain a signi®cant correlation only with BMI (P`0.001) and age (P`0.005).
Discussion
We found that the IMT of the CCA showed a signi®cant relationship with leptin concentrations in both male and female subjects, irrespective of age, insulin sensitivity, smoking habits, blood pressure, fasting blood glucose and plasma lipid pattern. Even though correlations do not always imply biological causation, these results seem to indicate that hyperleptinemia (ie excess of body fat) may be involved in the thickening of intima-media complex, that is an early stage of atherosclerosis. This is the ®rst study showing a possible in¯uence of body fat accumulation on the initial phases of atherosclerosis; in fact, until now, the unhealthy effect of obesity has been demonstrated by clinical and epidemiological studies showing a higher prevalence of clinical coronary heart disease in obese patients. However, on the basis of our results, we cannot exclude that leptin per se may have a direct atherogenic effect on the arterial wall. This suggestion is reinforced by the fact that hyperleptinemia has recently been suggested to be a component of a metabolic syndrome of cardiovascular risk. 22 Moreover, we recently found a direct and independent relationship between leptin and PAI-1 plasma concentrations, 25 and Soderberg et al showed an association between leptin and abnormal ®brinolysis in men and postmenopausal women. 26 In vitro studies have demonstrated that leptin promotes angiogenesis 27 and induces oxidative stress in human endothelial cells. 28 Moreover, epidemiological studies have recently shown that leptin is independently associated with myocardial wall thickness in hypertensive insulin-resistant men, 29 is a risk factor for haemorrhagic stroke in a population-based cohort, 30 and is associated with increased risk of myocardial infarction. 31 Lastly, studies in animal models showed that leptin may have a pathophysiological role in obesity-related hypertension. 32 However, BMI-adjusted leptin concentrations were not signi®cantly associated with IMT and, when BMI was entered into a multiple linear regression model without leptin, the correlation between BMI and IMT was maintained in both men and women, thus suggesting a confounding effect of BMI on the relationship between leptin and IMT.
The importance of our ®ndings derives from the fact that prospective studies have shown that a higher IMT of extracranial carotid arteries has been related to higher prevalence of coronary heart disease. 3, 4 According to previous studies, 5 ± 15 we found a signi®cant relationship of IMT with age, smoking, waist circumference, insulin resistance, blood pressure, total cholesterol and LDLcholesterol. However, all these associations were not maintained when data were adjusted for leptin concentrations, thus con®rming the possibility that leptin (andaor body fat accumulation) may have a direct unfavourable effect on the thickening of the arterial wall and may well be a cardiovascular risk factor.
In conclusion, the present study shows that IMT of CCA is signi®cantly associated with leptin, ie a marker of body fat accumulation, independently of other cardiovascular risk factors well known to increase the thickness of the arterial wall. These results indicate that body fat accumulation may have a pivotal role in accelerating the development of atherosclerosis in asymptotic obese patients. IMT-CCA intima-media thickness of common carotid artery; SBP systolic blood pressure levels; K ITT rate constant for plasma glucose disappearance; CHOL total cholesterol; TGL triglyceride.
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